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ABSTRACT 
Increasingly, most organizations in the construction sector use teams to meet 
today’s global competition and customer expectations, but they need better ways of 
evaluating the effectiveness of the teams. To ensure that construction teams are 
successful and effective, construction companies must promote, measure, and 
evaluate their teams’ effectiveness. It is believed that creating a highly effective 
project team will produce high-end project outcomes that exceed standards, and, 
therefore, enhance overall productivity. 
This paper discusses a method for designing a survey to measure the effectiveness 
of construction project teams. First the paper describes the steps in designing a 
survey, and then focuses on the statistical processes used to establish reliability and 
validity. The survey is pretested and analyzed using explanatory factor analysis to 
reduce the number of variables and to detect the structure of the questionnaire from 
the relationship between variables. The paper reports lessons learned during the 




Increasingly, most organizations in the construction sector use teams to meet 
today’s global competition and customer expectations, but they need better ways of 
evaluating the effectiveness of the teams. According to Egan (2002), process and 
team integration are the key drivers of changes necessary for the construction industry 
to become more successful. However, simply bringing people together does not 
necessarily ensure they will function effectively as a team. Therefore, factors 
associated with team effectiveness and the extent to which these factors create 
effective construction project teams must be examined. These factors help project 
teams understand team effectiveness and learn how to work effectively in 
construction project teams. 
The purpose of this paper is to report on the development of a survey for 
evaluating construction project team effectiveness. The method of choice to evaluate 
the team effectiveness of the construction teams for this study is by conducting a 
survey. In this paper, steps in designing a team effectiveness survey are discussed. A 
pretest for the survey instrument is conducted using Exploratory Factor Analysis and 
Reliability Testing. Issues and mistakes identified from the pretest are addressed and 
the results obtained are further discussed. 
 
SURVEY METHOD 
According to Diem (2011), surveys can be an effective means to collect data 
needed for research and evaluation. Because survey methods are often misused, 
researchers must understand survey procedures to achieve valid and reliable results. 
The following are the general procedures for developing survey instruments: 
1. Determine the purpose of the study—Every study must have a purpose that is 
clearly defined prior to developing the instrument. 
2. Decide what should be measured—The questions in the survey should be 
based on the information to be obtained. 
3. Develop the survey instrument—Decide on the questions that need to be 
asked, response scales, the layout of the survey, and instructions for 
completing the survey. 
4. Define the survey population—The survey instrument should be developed 
based on characteristics of the survey respondents. 
5. Chose a method of sampling the population—A representative sample of the 
population that will respond to the survey must be identified in a systematic 
manner. 
6. Determine the reliability and validity of the instrument—Pretesting the survey 
instrument is important for checking the consistency of the instrument and 
reducing random errors. 
Purpose of the survey 
The purpose of the team effectiveness survey is to determine the effectiveness of 
a construction team, as well as measure and evaluate the team’s performance. The 
team members are asked to evaluate their team on different aspects, namely Team 
Goals and Objectives, Team Leadership, Team Roles and Responsibilities, Team 
Relationships, Trust and Values, as well as Team Communication. In addition, the 
survey is designed to motivate and provide guidance to the construction project teams 
in the process of finding better ways to improve. 
The survey 
The Team Effectiveness Survey is a cross-sectional survey, where the data are 
collected at one point in time. The survey is developed in the form of a web-based 
instrument (using the Zoomerang program) and is administered online. According to 
Fricker and Schonlau (2002), an online survey is preferred for the following reasons: 
(a) There is no cost for paper, postage, mailing, and data entry, (b) The time required 
for survey implementation can be reduced. (c) Once a database system is developed, 
cost of surveying additional respondents is much lower. (d) Display of response data 
can be concurrent with completion of the surveys. Data from web-based surveys are 
usually accessible in real time in graphic and numerical format. (e) Reminders and 
follow-up on nonrespondents are practically effortless. (f) Data from web-based 
surveys can be transferred simply into data analysis and statistical programs. 
 
DEVELOPMENT OF THE TEAM EFFECTIVENESS SURVEY 
The Team Effectiveness Survey assesses the perceptions of the team members 
about their project team, which are categorized under six different team effectiveness 
factors. The survey is developed specifically to address construction teams that work 
on various types of projects using different types of project delivery approaches. The 
survey, which is the measurement for team effectiveness, consists of both open- and 
closed-ended questions. 
 
Survey Questions and Design 
Team Effectiveness Factors 
Prior to developing the team effectiveness survey, it is necessary to identify what 
should be measured. Team effectiveness factors are identified from a pilot study that 
was conducted with a group of construction industry practitioners. The pilot study 
was conducted to assess the most important and relevant team effectiveness factors 
from the perspectives of construction industry practitioners. A list of team 
effectiveness factors was gathered based on an extensive literature review of 
numerous assessment and evaluation surveys related to teams from other fields such 
as manufacturing, the military, the social sciences, or business management. 
Additionally, team effectiveness models are analyzed and factors contributing to 
high-performing teams are identified. For the pilot study, nineteam effectiveness 
factors (team goals and objectives, team leadership, company/top management 
support, audit and monitoring, roles and responsibility, creativity and innovation, 
team/task processes, team relationship, and communication) are used. Based on the 
pilot study conducted, six factors were chosen as the most important in contributing 
to construction project team effectiveness based on their mean ranking value. Only 
factors with mean value of five or more were selected to be included in the 
development of the Team Effectiveness Survey. These team effectiveness factors—
Team Goals and Objectives, Team Leadership, Team Roles and Responsibilities, 
Team Relationship, Trust and Values, and Team Communication—aid in the further 
process of developing survey questions. 
 
Response Scale 
All close-ended questions in the survey use Likert-scaled items to evaluate the 
responses. Each of the factors include several survey questions, each of which is 
measured as 5-point Likert items with response options ranging from strongly 
disagree to strongly agree. Other questions that do not utilize Likert items offer 
multiple answers to be selected by respondents. 
 
Survey Questions and Other Relevant Items 
Fifty-one survey items were grouped into the six factors based on different team 
measurements and assessments from various sources (Alexander, 1985; Acharya et 
al., 2006; Bauer & Bauer, 2006; Gibson et al., 2003; Thomas et al., 1999; Bens, 
2000). The items are developed to measure each factor of team effectiveness, to gain 
better understanding on the team members’ perceptions on different factors. 
Additionally, a set of instructions are prepared to explain the purpose of the survey 
and how to complete the items. For pretesting purposes, a comments and suggestions 
sheet was also provided. This sheet was used for the respondents to provide any 
commentary notes as to ways of improving the quality of the survey. 
 
Pretesting 
Population and Sample 
Because the Team Effectiveness Survey was developed to be distributed to 
construction project teams working on construction projects around the United States, 
it is important to pretest the survey to a group of people that have similar team 
characteristics and knowledge of working as a team in the construction business. 
Therefore, the Team Effectiveness Survey is pretested by one hundred undergraduate 
students (graduating seniors) in the Capstone Class, a senior-design class in the 
Construction Engineering program at Iowa State University. The group is chosen for 
participation because of the nature of the class, where the students initially are 
grouped into teams working on designing construction projects. Of the 96 
questionnaires distributed, 60 were completed, for a 62.5% response rate. The 
students were asked to complete the questionnaire and provide comments regarding 
how well they understood the questions and the clarity of the items asked. 
 
Survey Analysis 
The data collected from the pretesting are further analyzed using SPSS Statistical 
software. Factor Analysis and Reliability Testing are both relevant to ensure that the 




According to Wood (2009), psychological constructs are defined as measures of 
ideas that are not directly measurable. For this study, the team effectiveness factors 
identified earlier can be considered as constructs. Since the Team Effectiveness 
Survey is developed with constructs identified after the pilot study was conducted, it 
is important to assess the survey results using factor analysis. For this study, 
exploratory factor analysis was conducted to provide rigorous structure to the patterns 
of responses to the items in the questionnaire (Warner 2011). Furthermore, factor 
analysis was used to identify the structure underlying such variables and to estimate 
scores to measure the latent factors themselves. In order to examine the underlying 
item structure, exploratory factor analysis is an appropriate method because it reduces 
the number of variables by allocating items across factors and detects the structure of 
the questionnaire responses from the correlational relationships among the survey 
items. This method verifies the conceptualization of each construct, as well as 
examines whether there is more than one factor and whether the factor actually does 
represent the respective underlying construct. The procedures involved in exploratory 
factor analysis include factor extraction, estimating factor loadings, factor rotation, 
and factor labeling. For this study, the survey consists of six constructs (Team Goals 
and Objectives, Team Leadership, Team Relationship, Team Roles and 
Responsibility, Team Communication, and Trust and Values), where each of the 
constructs consists of several survey items corresponding to a construct.  
In the exploratory factor analysis, the method of principal component is used to 
calculate the eigenvalues, communalities, and factor-loading coefficients for further 
analysis. All questions included under each of the six constructs are tested separately, 
and only components with eigenvalues over one are retained, thus removing all 
insignificant components from further analysis. 
Tables 1a and 1b indicate the factor-loadings for the team effectiveness 
constructs. The values in each of the factor columns indicate the correlations between 
the original variables and the common factors. Based on the factor loadings, the 
communality values are computed. Communality is the extent to which an item 
correlates with all other items. Higher communalities are considered to be better. If 
communalities for a particular variable are low (between 0.0-0.5), then that variable 
will struggle to load significantly on any factor (Neill, 2011). Among the six 
constructs, three (Team Goals and Objectives, Team Communication, and Trust and 
Values) constructs demonstrate communalities of each of the construct’s items to be 
greater than 0.6, which is an acceptable level. Constructs with items having low 
communalities (below 0.5) include Team Roles and Responsibilities (three items), 
Team Leadership (three items), and Team Relationship (one item). Low communality 
values mean that the variables are not well-defined by the factors. It is observed that 
the items identified as having low communalities are double-barreled (that is, they 
contain two or more elements to which a respondent could respond); i.e. team 
members do not seem to be concerned with helping each other, carrying their fair 
share of work, pulling in the same direction, or looking out for the team. These results 
suggest that it may be appropriate for these items to be removed, and that the factor 
analysis could be re-run without these items before proceeding. 
This analysis initially generated several dimensions, and to get a meaningful 
factor solution the data were rotated using Varimax rotation. This type of rotation is 
performed to achieve a simple structure by focusing on the factor-loading matrix, and 
results in factors that are mutually orthogonal (independent, with zero correlation). 
The factor-loadings for each item on four dimensions after factor rotation was 
performed are also shown in Tables 1a and 1b. Team Goals and Objectives, Team 
Communication, Team Leadership, and Team Relationship each have two factors. 
The loadings for each item are further examined to assign the factor with which they 
are grouped. The factors are named according to what each set of items on that factor 
represented, and further actions are taken to improve the items as will be discussed in 
the next section. 
For example, in Table 1a, for Team Goals and Objectives, the item “To what 
extent do you understand the team’s goal and objectives?” has communality of .753, 
which shows that 75.3% of the variance in that item is accounted for by the extracted 
factor (Factor loading 1). Factor 1 in Team Goals and Objectives has accounts for 
44.281% of total variance among the Team Goals and Objectives items, and 22.811% 
is accounted for by factor 2, which resulted in 67.092% of total item variance being 
explained by the two factors combined. 
 
Reliability and validity 
Additionally, it is essential to examine the internal consistency of the patterns of 
responses to each item used for the questionnaire. Cronbach’s alpha coefficient is 
used as an index to test survey reliability, by measuring how well a set of items (or 
variables) measures a single one-dimensional monotonic latent construct. Cronbach’s 
alpha is not a statistical test, but it is a coefficient of internal reliability (or 
consistency). Cronbach’s alpha can be written as a function of the number of items 
and the average inter-correlation among the items. The formula use to calculate the 
standardized Cronbach’s alpha value is: 
 





Where N is the number of items, c-bar is the average inter-item covariance between 
the items and v-bar equals the average variance (UCLA, 2011). Based on this 
standardized Cronbach’s alpha formula, the value of Cronbach’s alpha will increase 
when the number of items increases. 
In general, the closer the value of the Cronbach’s alpha coefficient is to 1.0, the 
more reliable is the instrument. As stated in Nunnally and Bernstein (1994), a 
Cronbach’s alpha value that is equal to or greater than 0.70 is considered satisfactory. 
Reliability estimates between 0.70 and 0.60 are acceptable, whereas alpha below 0.60 
usually is regarded as unacceptably low. Table 2.0 details the values of Cronbach’s 
alpha for the items included in each construct. In conclusion, with the exception of 
the Team Relationship factor, the reliabilities of each dimension are considered 
acceptable (greater than 0.60). The alpha value of the Team Relationship factor is 
0.394, which is on the lower side, mainly because there are items that have a 
multidimensional structure, which results in lack of internal consistency. 
For this study, attempts to establish validity have been made by developing 
questionnaires that are based on literature reviews, existing survey instruments, and 
team assessments from other fields, including psychology, medicine, and education. 
For an instrument to be valid it needs to be reliable; however, reliability does not 
guarantee validity. The statistical methods discussed earlier help to establish validity; 
that is, they ensure that what are intended to be measured in fact are measured 
correctly using suitable scales. 
According to Field (2005), a Cronbach alpha value that is less than 0.30 should be 
dropped, as it means that there is an item that does not correlate with the overall scale. 
As depicted in Table 2.0, the Cronbach’s alpha value for Team Relationship is a bit 
low (0.394), but is not less than 0.30. In order to improve the alpha value, an item that 
has low value in the “Alpha If Item Deleted” should be removed. Based on these 
results, adjustments of that nature can be undertaken for subsequent research. 
Table 2.0. Reliability Analysis Results for Team Effectiveness Constructs 
Team effectiveness construct Reliability (alpha coefficient) 
Team Goals and Objectives 0.730 
Team Leadership 0.629 
Team Roles and Responsibilities 0.621 
Team Communication 0.758 
Team Relationship 0.394 
Trust and Values 0.629 
 
CONCLUSIONS 
Based on the results obtained from the pretesting process, it was found that 
several constructs do have more than one underlying factor. This is mainly due to one 
or more of the following circumstances: 
• The rating and scales of some questions are not suitable. 
• Some items may be double- and triple-barreled questions. 
The reliability analysis performed suggested that the overall survey does have a 
very strong Cronbach alpha coefficient value (>0.90), and lies within the “acceptable” 
region. Therefore, in order to ensure that the Team Effectiveness Survey possesses a 
high level of item quality, all comments and suggestions provided by the respondents 
from the pretesting phase should be addressed and implemented. To improve the 
reliability and consistency of the survey, appropriate measures should be taken—
namely to rewrite the questionnaire to improve clarity for respondents, changing and 
adjusting the ratings and scales accordingly, and dropping items with low values in 
the “Alpha If Item Deleted” section of the SPSS output for Cronbach’s alpha. 
The lessons learned from developing the Team Effectiveness Survey are found to 
be valuable for future work in survey development. By conducting the pretest and 
analyzing the data using exploratory factor analysis, the overall quality of the survey 
can be improved and its reliability and validity can be increased. The improved Team 
Effectiveness Survey can further be used for collecting real data in the next phase of 
the study and thus produce meaningful results for the study of team effectiveness in 
construction project teams. 
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Table 1a. Factor Analysis Results for Team Effectiveness Construct (Team Goals and Objectives & Team Roles and Responsibilities) 
D1: Team Goals and 
Objectives 
Loadings Communality 


















To what extent do you 





There is often confusion about 
responsibilities, assignments 
or unclear relationships 









How certain are the team 
members about their 
individual roles in relations to 




To what extend do the rest of 
the team understand the team’s 




Does the team have necessary 





The team meets outlined team 




How willing are the team 
members to take initiative for 
unassigned tasks, problems or 
urgent situations that might 




Are the team goals and 
objectives of the team 




There are clear agreements on 




Please rate the commitment of 
your team members in 





.610   
    
Eigenvalue 2.657 1.369 
  
Eigenvalue 2.199 
   
% of Total Variance 44.281 22.811 
  
% of Total Variance 43.984 
   
Total Variance  67.092%   Total Variance 43.984%    
 
Table 1b. Factor Analysis Results for Team Effectiveness Construct (Team Communication & Team Leadership) 
D3: Team Communication 
Loadings 
Communality D4: Team Leadership 
Loadings 












Are the communications in 





We collaborate by sharing ideals 
to ensure that our team's 
responsibilities are performed in 




Please rate the overall 




How do the project manager 
feels about sharing leadership, 
decision making and 




Please describe the meeting 




The project manager is 
comfortable with the concept of 





Is communication between 





My project manager coaches me 
when I have difficulty 
performing a task. In addition, 
he/she also helps me to perform 





Please describe the 





The project manager and team 
members spend time in 





How friendly and easy to 
approach other people on 




Project manager does not 
exercise good judgment and does 




Eigenvalue 2.734 1.025 
  
Eigenvalue 2.129 35.488 
  
% of Total Variance 45.569 17.088 
  
% of Total Variance 1.095 18.250 
  
Total Variance 
 
62.656% 
  
Total Variance 
 
53.738% 
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